Abstract: The response of the wild type (WT) and a strain C6/2 of German chamomile to 7-d soil drought and subsequent 7-day rehydration was studied. Shoot and leaf growth, vegetative development, water and protein contents, ascorbate peroxidase activity and gas exchange were compared. At the stress stage, water content of WT plants was slightly influenced and the effect was ceased after rehydration. Also the decrease in gas exchange was temporary. New leaves were formed, although their area was diminished. On the contrary, leaves of C6/2 plants were more desiccated and the durable decrease in water content was accompanied by the impairment in gas exchange also at the recovery stage (20-40% loss when compared to the control). At both stages of the experiment the growth of the long shoots of this genotype was drastically decreased, as well as leaf formation. Ascorbate peroxidase activity was increased by drought in leaves of both genotypes, but the pattern of changes in WT plants reflected the enhancement of metabolism resulting from proper water content and gas exchange at the recovery stage. Different pattern of changes in the protein content during drought was also noticed: a slight increase in WT, while the decrease by 1 /4 in C6/2 leaves. The response of WT plants to desiccation and rewatering was found to be more elastic than that of C6/2.
Introduction
Medicinal and aromatic plants (MAP), to which German chamomile belongs, are grown and cultivated on increasing area in many countries. The aim of the breeding programmes conducted on MAP is to obtain new and valuable, high-yielding cultivars providing high content of active substances with desirable chemical composition (Seidler-Lożykowska 1999; SeidlerLożykowska 2000; Kovačik et al. 2006 ). The main chemical compounds of the plants are the sesquiterpenesbisabolol, bisabololoxides and chamazulene, which are present in the essential oil. The most valuable are the genotypes belonging to chemotype C possessing high content of α-bisabolol (Lawrence 1986 ). However, wild types of German chamomile often belong to chemotype A with low α-bisabolol content, and α-bisabololoxide A predominates in their anthodia. Therefore, the genotypes and strains of elevated content of α-bisabolol are intensively selected during breeding programmes. In Poland, the diploid strain C6/2 is studied as a source for new cultivars, because its content of α-bisabolol is ca. 20-times higher when compared with many cultivars. Additionally, it grows fast and forms long shoots usable for mechanical harvesting (Seidler-Lożykowska 1999 , 2000 Bączek-Kwinta et al. 2006a ). However, the breeding oriented toward the specific usable traits may cause the gradual elimination of wild adaptive features. For this reason, it is worthy to elucidate the hypothesis that plants of cultivars and strains, which have been bred for pharmaceutical purposes, have diminished resistance to stressful weather and climatic factors than wild type plants (Johnston et al. 2001) . Soil drought, which periodically occurs in Europe due to the global climatic changes seems to be one of the main environmental stresses affecting plants, also that of German chamomile, although this species is known as droughttolerant. However, preliminary studies on diploid and tetraploid German chamomile genotypes revealed their differentiated response to drought (Bączek-Kwinta & Seidler-Lożykowska 2004; Adamska et al. 2006) . One must remember that drought-tolerance strategy is a complex feature involving anatomical, morphological and biochemical alterations, and it is worthy to establish the traits among the species, even considered as the tolerant one. The knowledge about the stress-resistance and its mechanism of individual strains and populations seems to be important for agricultural purposes, but also for the preservation of genetic diversity.
Water saturates protoplasts and cell walls, and partakes in numerous metabolic processes, both that of synthesis (e.g. photosynthesis) and hydrolysis of organic compounds. Therefore, during water deficit almost every physiological process is subjected to more or less alterations (Chaves & Oliveira 2004) . In the developed plant ca. 90% of total water uptaken is involved in transpiration, which ensures the water transport in the whole plant via passive mechanism. However, an important trait that is adaptive to drought is the restriction of transpiration and evaporation. Plants resolved this problem by many morphological ways, e.g. by restriction in number of stomata, formation the pubescence or thick cuticle, developing small leaves and the slower formation of new ones, or by folding and even abscising them. Other strategy is stomatal closure, although when prolonged it may lead to tissue overheating, photosynthates deficit, and decreasing of intracellular CO 2 concentration (c i ). c i belongs to metabolic signals affecting photosynthesis, so its low level leads to Rubisco deactivation and suppression of the gene encoding sucrose phosphate synthase (SPS), which is the key enzyme regulating the relationship between donors and acceptors of photosynthates (Chaves & Oliveira 2004) . This impairs the supply of roots in organic metabolites, leads to drop in root respiration, and this affects the transport of mineral nutrients to the aerial part of the plant.
Among organic metabolites, proteins should be taken into special consideration. Total soluble protein pool may be diminished due to depletion in the synthesis and/or increased proteolytic activity. However, the synthesis of specific proteins is stimulated and induced. As water deficit and abscisic acid (ABA) synthesis are directly linked, therefore some of the proteins are classified as RAB (Responsive to ABA), and they have chaperone function, or are involved in damage prevention and repair (Riccardi et al. 1998; Wahid & Close 2007) .
Perturbations in water management usually lead to other stresses, such as nutrient limitation, salt stress or hormonal imbalance (Pospíšilová et al. 2000; Sharp & LeNoble 2002) . All these alterations are accompanied by the oxidative stress, as reactive oxygen species, the by-products of numerous biochemical processes are continuously formed, but the cell ability to scavenge them is limited. In the mesophyll of C3 plants, to which German chamomile belongs, photorespiration may be enhanced as a valve for excess energy, but this triggers H 2 O 2 formation (Luna et al. 2005) . One of the key enzymatic antioxidants of photosynthesizing organs is ascorbate peroxidase, acting in chloroplasts and microbodies as a H 2 O 2 scavenger (Asada 1992; Inzé & Montagu 2002) . Its activity was found to be enhanced by excess of copper in leaves, and also by cadmium in roots of German chamomile (Kováčik et al. 2009 ). The studies of enzymic activity may lay a basis for further enzymic profiling among the species (Janišová & Gömöry 2007) .
Material and methods

Plant material
German chamomile (Chamomilla recutita L.) seeds which were used in the experiment originated from Malopolska region (Poland; wild type, WT) and from the Research Institute of Medicinal Plants of Poznań, Poland (diploid strain C6/2 with high content of α-bisabolol). The experiment was performed in a greenhouse, in controlled conditions. Seeds were sown directly on the soil surface without covering due to their photoblastic germination, into plastic pots of 100 mL volume, containing the mixture of brown soil, peat (pH 5.5, Kronen Poland) and sand (3:1:1; v/v/v). Seedlings were grown at 15-25
• C, relative humidity (RH) of ca. 50% and photoperiod (14/10h; day/night). Five weeks after sowing, when plants were of ca. 2-3 cm height they were transplanted into pots of 5 L volume (4 plants per pot), containing the same soil mixture as described above. They were kept at the temperature 20-22
• /15-17
• C (day/night), RH 30-50%, and photoperiod (14/10h; day/night). During the cloudy days, additional illumination was implemented to maintain minimal photosynthetic photon flux density (PPFD) of ca. 400 µmol(quantum) m −2 s −1 . Plants were watered every 2-3 days and fertilized once per week with Hoagland's solution.
Drought treatment
When plants of both genotypes were of ca. 10 cm height, the set of pots with the plants was divided into control and drought-treated group (5 pots per treatment = 20 plants). At the time, fast-growing plants of the C6/2 strain initiated their flowering. Control plants were watered every 2-3 days, whereas drought was implemented as the lack of watering for 7 days. Then drought-treated plants were rehydrated (subjected to the watering regime as the control plants) . 
Measurements and assays
Youngest developed leaves (of 2-4 node counting from the top of the plant) were used. Measurements were performed in 7-10 biological replicates (one replicate = individual leaf from individual plant). Biochemical assays were done in 2-3 analytical replicates of each biological replicate.
Leaf area measurements were performed by their scanning with the flatbed scanner Microtek 3800, then the images were saved as the black and white drawings, and the images were processed.
For water content quantitation, fresh mass of the leaves was recorded immediately after cutting, then the tissue was dried to the stable mass (70 • C, 24 h), kept in a presence of silica gel for 24 h, and then weighed again (scale Radwag,
Ascorbate peroxidase activity (L-ascorbate: hydrogen peroxide oxidoreductase, APX; EC 1.11.1.11) was assayed on dialysed crude extracts of leaves according to Nakano & Asada (1981) , with minor modifications. Leaf weight was immediately measured, then samples were submerged in liquid nitrogen, and then stored at −80
• C until preparation. Tissue was crushed in liquid N2 and homogenized in a mortar and pestle, in a pre-cooled extraction buffer (50 mM potassium phosphate, pH 7.0; POCh Poland) containing 0.1 mM of EDTA (Sigma-Aldrich), 0.5% of bovine serum albumine (BSA; Sigma-Aldrich), and 0.5 mM ascorbic acid (AsA; Sigma-Aldrich) to prevent the loss of enzyme activity. The homogenate was centrifuged at 10000 g for 3 min. Total number of plants forming tillers WT 3.00 ± 0.48 0.00 ± 0.00 9.00 ± 0.32 5.00 ± 0.52 ** C6/2 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 1.00 ± 0.52 ns Total number of flowering plants WT 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 ns C6/2 7.00 ± 0.35 7.00 ± 0.48 8.00 ± 0.35 8.00 ± 0.35 ns * -difference significant at P = 0.05, ** -P = 0.01, ns -difference not significant according to the chi-square test (n = 10). WT 12.7 ± 0.00 8.50 ± 0.00* 13.5 ± 0.00 9.42 ± 0.00* C6/2 7.47 ± 0.35 6.75 ± 0.48 ns 9.45 ± 0.35 8.40 ± 0.35* * -difference significant at P = 0.05, ns -difference not significant according to the Student t-test (n = 7-10).
at 4
• C. The supernatant was dialysed at 4
• C for 6 h (in darkness), in a dialysis tubing cellulose membrane, against a potassium phosphate buffer (50 mM, pH 7.0) containing 0.1 mM of EDTA and 0.5 mM of AsA. Dialysates were kept in Eppendorf-type tubes on ice, in darkness. In the analytical procedure, the oxidation rate of AsA at 290 nm (spectrophotometer LKB Biochrom Ultrospec II, UK) was measured. Activity of the enzyme was expressed as µmole of AsA decomposed in 1 min. in analytical mixture, in a quartz cuvette. Corrections were made for low, non-enzymic oxidation by H2O2 and for the oxidation of AsA in the absence of H2O2.
Soluble protein content was measured spectrophotometrically (spectrophotometer LKB Biochrom Ultrospec II, UK) at 595 nm according to Bradford (1976) using BSA (Sigma-Aldrich) for the calibration curve.
Gas exchange measurements: net photosynthesis (PN), transipration (E ), stomatal conductance (gs) and intracellular CO2 concentration (ci) were made on attached leaves at 20
• C, ambient CO2 concentration, constant irradiation (ca. 200 µmol(quantum) m −2 s −1 ) and RH of ca. 40%, using an LI-6400A portable photosynthesis system (Li-Cor Inc., Lincoln, NE, USA).
Statistics
The statistical significance of differences was evaluated by variance analysis (ANOVA; preceded by the KolmogorovSmirnov test), followed by the Student t-test for the comparison of two means of a particular genotype among the experimental stage. For the comparison of the number of plant of particular features, chi-square test was used.
Results
Formation of nodes and tillers by individual plants of WT was restricted by drought (Table 1) . That means the drought-subjected plants were more frequently at the rosette stage and a smaller number of specimens formed new nodes than the control ones. However, formation of tillers and anthodia was also under the strong genotypic influence. C6/2 plants formed the main shoot 
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Fig. 1. The direct effect and the after-effect of 7-day soil drought on the water content (A), soluble protein (B) and ascorbate peroxidase (C) in leaves of German chamomile plants. *-difference significant at P = 0.05, ** -P = 0.01, *** -P = 0.001, nsdifference not significant according to the Student t-test (n = 8).
and usually no tillers but most of the specimens were at the generative stage (7 or 8 flowering plants per total 10), contrary to that of WT. Similar results (earlier blossoming of C6/2 plants than that of WT) were obtained when drought was applied at the vegetative stage of both genotypes (data not shown). The length of the main shoot was directly restricted by drought treatment in plants of both genotypes, and the after-effect (at 7-day soil rehydration stage) was noticed as well (Table 2) . At both stages of the experiment, control plants had longer shoots than drought-treated ones, but growth inhibition resulted from drought was much bigger in C6/2 strain than in the WT. Also a decrease in number of leaves was noticed, especially in case of C6/2 plants, whereas WT revealed no difference between control and stressed specimens at the rehydration stage (Table 2) . On the contrary, the area of young leaf was more influenced in case of WT than that of C6/2.
Water content in young leaves of drought-subjected C6/2 plants was decreased by ca. 6% of FW, and it was still under the level of control plants during the rehydration stage (Fig. 1A) . Plants of WT revealed a slight decrease by 2%, although when rehydrated they had similar values to that of control. The pattern of changes in soluble protein assayed in leaf homogenates was different in both genotypes (Fig. 1B) . During drought stage, protein content slightly increased in WT, but dropped by 1 / 4 in C6/2 plants. In the analysed protein pool, activity of ascorbate peroxidase (APX) was studied (Fig. 1C) . It was greatly, almost twice increased in drought-subjected plants, irrespectively to the genotype. At the rehydration stage the mean for stressed WT plants was still higher than that of control whereas the means of C6/2 plants were similar. 
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2A Fig. 2 . The direct effect and the after-effect of 7-day soil drought on gas exchange parameters: net photosynthesis (A), transpiration rate (B), stomatal conductivity (C), and intracellular CO 2 concentration in young leaves of German chamomile plants. * -difference significant at P = 0.05, ** -P = 0.01, *** -P = 0.001 according to the Student t-test (n = 7). Gas exchange was measured at constant irradiation (ca. 200 mmol (quantum) m −2 s −1 ).
Water deficit influenced gas exchange parameters, but the pattern of changes differed according to the genotype (Fig. 2) . Net photosynthesis (P N ) was decreased, albeit the difference in P N between control and drought-stressed WT plants was smaller than analogous difference for C6/2 specimens. After rehydration, P N inhibition was ceased in WT but it still remained in C6/2 plants. This was accompanied by similar pattern of transpiration (E ), stomatal conductance (g s ) and intracellular CO 2 concentration (c i ) alterations. In case of every studied parameter the difference between control and drought-stressed plants was smaller in WT than in C6/2, and the gas exchange for drought-stressed WT plants (contrary to C6/2) reached the control levels after rehydration period.
Discussion
Drought resistance relies on two important plant features: maintenance of water content which allows to continue the metabolic processes at diminished water availability, and the recovery after rehydration (Levitt 1972; Bączek-Kwinta et al. 2006b ). Elongation is very sensitive to drought as it strongly depends on tissue water content (Schulze 1986) , and for this reason growth inhibition is considered a primary plant response to stress. It is also the strategy to avoid tissue dehydration during diminished water supply by decreased transport route. In this case internode elongation is slowed and accumulation of osmotic substances (osmotic adjustment; Ma et al. 2004) occurs. Also a drop in expenditure on energy for growth, and its allocation for synthesis of specific protectants (e.g. LEA proteins, APX) and for repairing processes is possible (Bączek-Kwinta et al. 2006b; Fazeli et al. 2007 ).
In the presented experiments, both studied chamomile genotypes respond differentially to drought. This results from their morphology, but also from different developmental programme and metabolic alterations. At the stress stage, "compact" WT plants form new leaves which recover proper water content after soil rehydration. Re-watering allows reaching the control level leaf gas exchange, and growth of the aerial parts is then accelerated more than that of C6/2. Long shoots of C6/2 strain plants slow their growth and leaf formation during both stages of the experiment, but they remain flowering after rehydration at the control level. Interestingly, although the length of the main shoot and the number of leaves per stressed plant are drastically restricted, the area of young leaf is ca. 90% of the control, whereas in case of WT plants it is ca. 70% (see Table 2 .). It might be important for the production of photosynthates and their allocation into developing anthodia.
During stress conditions, the common growth and gas exchange responses may result from ABA effect and its interaction with ethylene (Thompson et al. 1997; Sharp & Le Noble 2002) . When growth inhibition is prolonged, this results from diminished leaf water content. A drop in gas exchange lowers photosynthates availability in C6/2 aerial parts. However, plants of this genotype continue anthesis at the recovery whereas those of WT remain at the vegetative stage. Different growth and developmental programme in both genotypes can explain this difference, as breeding process often accelerates generative development of the cultivars and breeding strains (Seidler-Lożykowska 1999 , 2000 . From the grower's point of view, the maintenance of flowering is important, as the yield is the main goal of commercial cultivation.
However, we also try to estimate the droughtinduced alteration from the physiologist's point of view. It is known that under mild water deficit the alterations in protein pool and protein metabolism may occur. Some specific, desiccation-stable proteins are synthesized and induced (Riccardi et al. 1998; Wahid & Close 2007) . Two genotypes studied in this experiment reveal different pattern of changes in the protein content of their leaves: during drought the increase in WT, while the decrease in C6/2 is noticed. Presumably WT plants synthesize various protective protein molecules in leaves whereas the metabolism of C6/2 specimens is "anthesis-oriented" and most of the photosynthates are allocated to developing flowers instead of being turned into protective proteins.
In the existing protein pool the presence and activity of antioxidative proteins (and non-enzymic as well) may be important, because drought enhances oxidative stress (Biehler & Fock 1996; Luna et al. 2005) . One of such antioxidants is ascorbate peroxidase, which maintains the H 2 O 2 pool on non-toxic but signalling level in chloroplasts (Smirnoff 2005) . Its activity is increased by drought in leaves of both chamomile genotypes. Similar results were obtained by Fazeli et al. (2007) on sesame cultivars. However, this effect is durable in WT plants only, as the activity of rehydrated plants is over control level. This reflects the enhancement of metabolism at full recovery of WT plants resulting from proper water content and gas exchange. The acceleration in the metabolism leads to increased photosynthates synthesis and allows to increase leaf area of rehydrated plants, and to form new nodes and tillers.
An important parameter of gas exchange is intracellular CO 2 concentration (c i ). It may diminish when plants close their stomata. It is noteworthy that the number of stomata and their type may vary greatly among the species (Sabo et al. 2007 ). Although stomatal closure allows the decrease in water loss during transpiration, and for this reason is considered as an adaptive trait to drought, low c i level maintained for a long time triggers disadvantageous alteration in photosynthetic apparatus (Chaves & Oliveira 2004) . In the present study, drought-stressed plants of both chamomile genotypes reveal low c i , but during the rehydration, c i of WT plants reaches the control level reflecting the recovery of leaves of this genotype, in opposite to C6/2 ones.
Summing up, the developmental pattern of both studied genotypes of German chamomile determines different response to drought. This of wild type plants is more elastic, because 7-day rehydration allows them to recover leaf water content, gas exchange, growth and vegetative development, but C6/2 strain is promising genotype because observed changes seems to be more adaptive than hazardous. First, stress does not influence the number of flowering C6/2 plants during rehydration ensuring the biological and agronomical yield. Inhibition of growth of long shoots (twice longer than that of WT!) is a reasonable strategy, because after drought plants resume their growth, although it is slowed. Gas exchange is disturbed but at the recovery stage it is gradually recovering. We have to remember that only 7 days of recovery might have been too short period to repair all damages.
It should be mentioned that C6/2 strain is a genotype accumulating high content of α-bisabolol (SeidlerLożykowska 1999 (SeidlerLożykowska , 2000 . Therefore it is not surprising that it was used in breeding of new Polish cultivar 'Mastar' (Seidler-Lożykowska 2007) . However, we cannot exclude the necessity of further work on German chamomile to establish to what extent the breeding programmes toward the high yield, high contents of active compounds and the features desirable for cultivation may lead to the loss of some adaptive traits of this species.
